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Project Participants: Three farms in central Minnesota 

Azariah Acres Farm owned by Suzanne Peterson (http://azariahacres.net/) 

The farm is 36.5 acres and raises beef, pigs, sheep, ducks, guinea 

fowl, geese, and chickens for meat. The farm has a large garden and 

hoop house. Azariah Acres also sells medicinal and culinary herbs, 

books, and garden gadgets.  

 

Snowy Pines Reforestation owned by Gregory Nolan (http://snowypines.net/) 

Snowy Pines is an 80-acre farm selling chiefly wood and wood 

products and averaging over 100,000 trees planted each spring. The 

farm also sells vegetables, grass-fed beef, and wood products. The 

mission of this business is to create meaningful, rewarding work for 

family and community which improves the natural environment. The owners like to think of 

their work as a little economic engine that turns solar powered operations into economic returns. 

 

Scheer’s Green Island orchard owned by Kent Scheer (www.greenislandpreserve.com) 

The farm is 60 acres and is productive in a wide number of ways: 

ecological goods and services, environmental education, apples and 

berries, permaculture. Fruit trees are young and just starting to bear so 

fruit crops are small but increasing yearly. Green Island has helped 

author 2 booklets for small farmers on supplementary farm income 

sources. Two part-time employees are doing grounds keeping for events. 
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Project Abstract 

The purpose of the project is to demonstrate the commercial feasibility of adding value to local 

produce through solar dehydration. This project pursues the goal of using renewable and clean 

energy to create a sustainable income stream and jobs for Central Minnesota rural communities 

as well as making better use of produce which might otherwise be wasted. Dehydration has long 

been one of the most effective ways to preserve food and the project research aims to better 

understand this process at a commercial scale. Through extensive research and experimentation 

with three different dehydrators this project explores the feasibility of producing for market. We 

identified each dehydrator’s advantages and disadvantages and determined improvements to each 

design's efficiency. In addition, the project participants retain momentum for continued 

investigation and exploration of the project goals. The remaining report will include background 

of dehydration history, introduction of three dehydrators, drying process, data analysis, findings, 

conclusion and future works. 

 

Background 

Drying foods has been used for a long time as one of the best means to preserve foods. 1 2 In 

particular, using solar energy is a good alternative after considering shortage of fossil fuels and 

environmental concerns. Before mankind invented a kind of solar dehydrator, farmers had to 

spread the fruits and vegetables to be dried on paved grounds or on mats to be exposed to sun 

heat and air (wind). By doing so, losses frequently occurred during the process of direct sun 

drying caused by various detrimental effects such as storms, rodents, birds, insects, rain, and 

others. To prevent these losses, mechanisms for solar dehydration have a long history in the U.S. 

with various products3 4; grains, fruits, jerk, meats, vegetables. The project aims to investigate its 

commercial scale possibility in central Minnesota.   

 

Section1 

Introduction 

The three farms aim to investigate the potential for a sustainable income stream in Central 

Minnesota rural communities through selling dried foods developed from reusable and clean 

solar power. The project started with two questions: First, is dried food marketable? Second, how 

                                                           
1 Tiris, C., Ozbalta, N., Tiris, M., & Dincer, I. (1994). Performance of a solar dryer. Energy, 19(9), 993-997. 
2 http://aggie-horticulture.tamu.edu/food-technology/food-processing-entrepreneurs/getting-started/processing/ 
3 http://pubs.ext.vt.edu/458/458-501/458-501.html 
4 McNeill, S. G., & Montross, M. D. (2003). Harvesting, drying, and storing grain sorghum. AEN-17. Cooperative     
Extension Service. University of Kentucky College of Agriculture. 



to dry food? In order to answer the key questions, the project team researched which dehydrator 

design could achieve the goals in terms of efficiency, affordability, and sustainability. Each 

participant held different ideas on building their dehydrator... which is beneficial in an 

experimental phase. Therefore, we could conduct experiments using three different dehydrator 

designs. Descriptions and results of the experiments are included in this report. To meet 

regulations for commercially scaled food sales the team investigated potential barriers and legal 

issues related to producing and selling dried foods. 

    

Objectives 

• The project will dry a variety of produce using solar dehydration. Three local growers will each 

use a different dehydrator for comparison purposes and then identify the best performance.   

• The solar dehydrator test results, in addition to commercial scale solar dehydrator market 

research, will help assess whether renewable energy can create a new, value-added product chain 

for local produce   

Project values 

• Renewable Energy: The project pursues renewable and eco-friendly energy usage that creates 

value-added produce without CO2 emissions. In addition, this will lower production costs and 

create higher profit margins for local farmers. 

• Community Friendly: The project aims to boost the rural economy by offering a sustainable 

revenue stream for local growers.   

• Local Food: Producing high quality foods locally minimizes food transportation which can 

reduce CO2 emissions. In addition to environmental concerns reducing supply chain processes 

potentially increases final price competitiveness.    

• Producing High Quality Foods: By drying foods citizens could enjoy the availability of high 

quality local produce for a longer period of time. It would also offer many opportunities for 

education about healthy eating. 

 

Section 2 

2a. Dehydrators 

The project team spent most of project time to build and develop dehydrators. Each one of the 

participants tried to maximize their own available resources to create a dehydrator which could 

do as much as possible for the operator.  Greg's dehydrator uses the wood kiln space he has 



available, Sue's dehydrator has the most flexibility in terms of weather condition so that it can be 

run year round, and Kent's is the most efficient. 

Design considerations 

The design should consider efficiency, cleanability, and protection from insect infestation as 

well. 

• Capacity: The capacity is the size of dehydrator that determines how much food can be dried at 

one time. 

• Shape: The shape of dehydrator varies; it could be round or rectangular.   

• Weight: Weight is important when space is limited and the unit must be moved frequently.  

• Air vent: An air intake vent should be washable or easy to replace filter and be adjustable to 

permit more fresh airflow at the beginning of the drying period than at the end. 

• Door: The door should open and close easily for easy access to trays.  

• Trays: Good tray design lets air circulate freely on all sides of the food.  Trays should be in and 

out easily. Screening should be made of materials that would not cause chemical reactions, 

discoloration and flavor loss.  

Kent, Scheer's Green Island Preserve dehydrator 

Kent’s dehydrator is a slight variation on the Walk Dehydrator developed and popularized by 

Bob Dahse and Larisa Walk of Winona, Minnesota. Its advantage is that the design is the utmost 

in simplicity leaving almost nothing to go wrong mechanically. It operates by reradiating of the 

heat gained from its collector plate directly onto the foodstuff being dehydrated below. This 

dehydrator is a time proven design though it is much less familiar to the public than the 

Appalachian dehydrator and other more common designs. The dehydrator's size is about 4' by 

11'. It is constructed entirely of repurposed scrap aluminum and stainless steel purchased from a 

local salvage yard. These metals were selected for their ease of maintenance over the wood and 



plywood traditionally used.  Durability is also increased, and the ease of cleaning and 

disinfecting it for potential use in commercial applications is vastly improved by using metal.  

Any farmer or homeowner interested enough in building a Walk Dehydrator will also find a 

multitude of opportunities for repurposing on-hand, free, or recycled materials. This can reduce 

costs tremendously, even to near zero. Estimated cost without labor building a Walk Dehydrator 

entirely from new material will come-in around $200+. New stainless screen for the trays is one 

of the steepest costs which pushes this number high. Even though Kent’s own version is 

constructed completely from aluminum it is from structural metal and patterns collected overtime 

at the local scrap yard at a cost of only $100+. 

The Walk Dehydrator is fully and easily replicable. The website 

http://www.geopathfinder.com/Solar-Food-Drying.html has extensive information and details 

freely offered on its workings and construction. Hundreds of these have been built already across 

the world 

Sue, Azariah Acres Farm Dehydrator 

Sue's dehydrator is a repurposed plant cabinet with food grade 

plastic lined shelves. It is painted black in the back to improve 

heat absorption from outside. It has a fan on the top to pull up air 

and remove moisture. It is heated indirectly by water circulating 

in tubes under the food portion of the cabinet. The water can be 

heated by the sun (using a tank, tubing and a small pump) or by 

a wood boiler or other renewable resource. The biggest 

advantage to this design is its flexibility. The biggest 

disadvantage is efficiency. Transferring heat to water and then 

removing it for heating air space is not very efficient. Using 

other methods to heat the water allow the dehydrator to be used 

more of the year. 

The cost for the water heating and airflow portion of Sue’s dehydrator is $170. The cost for the 

plastic shelving was $40 for the amount she used, and the plant cabinets were repurposed. If 

someone wanted to do something similar, I would recommend looking for a cabinet or enclosed 

shelving to repurpose because new it would be over $500. 

 

 

 

 



Greg, Snowy Pines Reforestation Dehydrator 

In the process of learning about drying wood and 

keeping it dry Greg realized that moving air could 

be used in place of high heat (read lots of energy) 

to get things dry. Greg wanted to increase 

capacity to dry fruit and berries while tapping into 

the energy he had already available in his warm 

room kiln. Using a high capacity solar roof 

fan/vent he could tap into a black metal box, and 

the modest heat it would capture, with lots of air 

movement. Greg also has the ability tomovehis 

dehydrator into the adjoining warm-room/ kiln 

(25 percent humidity and 85 degrees day and 

night) and keep the fan's PV panel outside as it has a 10ft. cord. He sees lots of options he yet 

wants to try: one is to add glazing on one of the large flat sides. Another is testing more fruit per 

cycle. Then, bigger wheels to mobility. The strengths of this dryer include: portablity, so that  it 

can be taken to the food ,and especially thos things that don't need to be processed before drying. 

It is easy to build with locally available materials. It holds between 20 and 30 lbs of fresh food. It 

is easy to use and understand. There is no direct sun on the fruit. 

Greg’s dryer cost is about $400 in materials without labor. Labor would be much cheaper if 

several were made at once. Maybe as cheap as $100. No doubt Materials could be made cheaper 

with a bit of shopping. 

 

2b. Analysis equipment 

A Data logger allows measurement of temperature and relative humidity. 

Placing the logger inside of dehydrator with food gives us information in 

every one minute.  

 

 

 



 Moisture analyzer is a great tool to measure final product’s moisture 

contents. Sending samples to a lab to analyze its moisture contents level 

costs more than $200 at once, therefore it is a good idea to have self-test 

before we need to get an official record. 

 

 

 

2c. Dehydration experiment process 

Apples were chosen as the first food to dry. Apples are a readily available seasonal fruit with an 

established market for apple chips. Further, they are something which this project's participants 

have in abundance and many farms do as well. These producers would clearly benefit from a 

means for extending their sales window. 

The project team structured the experiment to be conducted identically across all locations, i.e.: 

the same weight of Fuji apples, identical thickness by using the same model of apple peeler, 

coordinated starting and ending dates, and assembly to measure the final moisture levels 

. 

Step1. Weighing apples before drying apple 

 

 

 

 

 

 

 

 



Step2. Apple peeler and slicing 

 

 

 

 

 

 

 

Step3. Dehydration process 

 

 

Step4. Dried apples 

 

 

 

 

 

 



Step5. Weighing and moisture testing dried apples 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Section 3 

3a. Data analysis 

Temperature Analysis 

 

Temperature (F)     

Date Time Outside Suzanne Kent Greg 

Average 70.7 72.1 84.5 78.1 

Max 88 97.3 166 90 

Min 50 46.6 30 70 

5-May 11:00 AM 63 71.6 74 78.8 

  12:00 PM 68 75.4 100 72 

  1:00 PM 72 77.9 135 76.3 

  2:00 PM 75 78.8 137 79.5 

  3:00 PM 77 79.5 138 81.1 

  4:00 PM 80.1 79.3 139 82.4 

  5:00 PM 80.1 78.4 133 82.4 

  6:00 PM 80.1 76.8 118 82 

  7:00 PM 80.1 75 100 78.1 

  8:00 PM 77 71.8 84 76.6 

  9:00 PM 72 67.8 72 76.5 

  10:00 PM 68 65.5 64 75.6 

  11:00 PM 68 64.2 64 73.8 

6-May 12:00 AM 68 63.7 62 73.4 

  1:00 AM 64.9 62.1 60 73.2 

  2:00 AM 64 60.4 59 73.2 

  3:00 AM 64 59.2 58 74.3 

  4:00 AM 62.1 58.3 58 75.4 

  5:00 AM 59 56.7 57 76.1 
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  6:00 AM 59 55.4 55 76.8 

  7:00 AM 71.1 62.4 57 77.4 

  8:00 AM 75 74.1 65 77.9 

  9:00 AM 80.1 82.9 92 78.8 

  10:00 AM 82.9 92.1 121 79.9 

  11:00 AM 86 97.3 144 80.6 

  12:00 PM 87.1 95 154 84.4 

  1:00 PM 87.1 94.5 141 84.9 

  2:00 PM 88 95.4 166 86 

  3:00 PM 88 96.4 162 88.7 

  4:00 PM 88 94.3 144 90 

  5:00 PM 84.9 91 119 88.3 

  6:00 PM 80.1 88.3 98 84.6 

  7:00 PM 73.9 84.6 81 78.6 

  8:00 PM 73.2 77.5 71 80.4 

  9:00 PM 71.9 72.1 63 77.5 

  10:00 PM 70 68.5 59 76.1 

  11:00 PM 64.9 64.2 56 76.3 

7-May 12:00 AM 61 60.6 49 75.4 

  1:00 AM 57.9 57.7 39 75.7 

  2:00 AM 57.9 55 35 73.6 
  3:00 AM 57 55 33 70 

  4:00 AM 55 49.3 31 73.4 

  5:00 AM 54 47.7 30 73.9 

  6:00 AM 53.1 46.6 30 73.9 

  7:00 AM 51.1 67.5 33 73.6 

  8:00 AM 50 68.7 46 73.2 

 

The data reflects each dehydrator’s design advantages and loopholes as well. Proven record 

shows that in northern climates, it takes half day to dry herbs and two days for fruits. 

• Drying process takes two days to get enough dehydrated apples for all three dehydrators. 

• All three dehydrators work well in terms of drying apples. 

• Kent dehydrator best performs in day times but the material of dehydrator causes cooling down 

at night therefore it needs to be improved to keep energy during night.  

• Greg’s dehydrator outperforms when outside temperature goes down by moving the dehydrator 

to inside of a wood building that keeps relatively high temperature and low humidity. 

• Sue’s dehydrator shows its potential benefits, as the design aims to all seasons usage, the 

dehydrator could have the least variation on generating heating energy. 

 



Humidity Analysis 

 

Humidity (%)     

Date Time Outside Suzanne Kent Greg 

Average 36.3 45.7 37.1 39.4 

Max 52 65.9 85 64.8 

Min 20 28.8 8 28.3 

5-May 11:00 AM 29 47.3 33.5 31.2 

  12:00 PM 26 43.8 40 34.6 

  1:00 PM 22 42.5 26.5 31 

  2:00 PM 21 39.8 20.5 29.8 

  3:00 PM 20 38.6 18.5 28.5 

  4:00 PM 21 44.5 15.5 30.4 

  5:00 PM 21 45.2 13.5 31 

  6:00 PM 23 43.4 12.5 30.1 

  7:00 PM 24 45.7 16.5 37.4 

  8:00 PM 28 48.8 22.5 63.8 

  9:00 PM 34 51.4 31.5 64.8 

  10:00 PM 39 54.9 37.5 53.8 

  11:00 PM 40 56 40 64.5 

6-May 12:00 AM 42 57.1 42.5 63.7 

  1:00 AM 47 60.3 45.5 61.1 

  2:00 AM 48 65 46.5 59.9 

  3:00 AM 46 65.9 49 46.5 

  4:00 AM 48 64.7 50 44.2 

  5:00 AM 51 64.5 51 43.5 

  6:00 AM 51 65.5 54.5 43 

  7:00 AM 39 60.8 55.5 42.6 
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  8:00 AM 38 47.3 49 41.6 

  9:00 AM 34 40 30.5 41.8 

  10:00 AM 32 34.4 17 42.9 

  11:00 AM 28 31 12.5 42.9 

  12:00 PM 28 29.9 9.5 39.2 

  1:00 PM 29 32.9 11 39.7 

  2:00 PM 30 30.5 8 39.4 

  3:00 PM 28 28.8 8 35.5 

  4:00 PM 28 30.2 9 33.1 

  5:00 PM 30 30.9 13 30.4 

  6:00 PM 32 33.5 18 30.9 

  7:00 PM 34 33.4 26.5 34.1 

  8:00 PM 36 35.8 34.5 32.3 

  9:00 PM 38 40.4 36 34.1 

  10:00 PM 41 44.1 39 33.9 

  11:00 PM 47 48 39 29.6 

7-May 12:00 AM 50 41.3 41 29.4 

  1:00 AM 47 39.2 58 32 

  2:00 AM 37 46.2 66.5 28.3 

  3:00 AM 37 46.2 72.5 29.6 

  4:00 AM 43 51 76 34 

  5:00 AM 47 52.5 78.5 34.6 

  6:00 AM 52 54 81 35.3 

  7:00 AM 52 46.5 85 36.6 

  8:00 AM 50 47.1 66.5 35.8 

 

The data shows the need for future work to improve current version of dehydrators. Humidity is 

highly related to temperature and air flow. Three dehydrators have slightly higher humidity level 

compared to outside that impede dry food process. Possible solutions could be as follows: 1. 

Have higher temperature during day times. 2. Prevent losing energy at night. 3. Facilitate air 

flow. 

 

Final product moisture content analysis 

Moisture contents data (%)    

  Average Sample 1 Sample 2 Sample 3 

Kent 1 3.0 3.4 2.6 3 

Kent 2 5.0 5.9 6.1 3.1 

Kent 3 2.8 3.7 2.7 2.1 

Kent Average 3.6 4.3 3.8 2.7 

Suzanne 8.9 10.6 9.9 6.1 

Greg 5.4 5.7 5.8 4.7 



 

The final dried food should meet the moisture requirement that is less than 15% of remaining 

total moisture contents. The data above shows that all three dehydrators removed moisture within 

the range. In addition, variation among samples from the same dehydrator is a little bit wide that 

might have been caused by samples’ positions in the dehydrator. It could be advisable to rotate 

their position to have stable final goods. 

 

Section IX 

Conclusion 

The project team proved that solar dehydration is easily achievable and readily accessible to the 

average householder, small producer, and sustainable farmer.  

- Building dehydrator is not difficult and cost for construction is moderate. 

- The experiments show that all different dehydrators perform well: high temperature and 

low humidity to get dehydrated foods. 

- Data analysis clearly indicate what loopholes each dehydrators has and how to improve 

performance.  

First, keep high temperature during day time and keep energy at night as well with more 

advanced design. 

Second, maintain low humidity by circulating air freely, increasing temperature 

particularly at night 

Third, have stable moisture contents results by rotating drying food’s position regularly.  

Scaling to the level of commercial sales is made eminently achievable by the easy terms of 

regulatory oversight for dehydration accompanied by the significantly higher retail value of the 

goods produced.  

The challenges are actually few: the project team has been pleased to learn that governmental 

regulations and oversight specific to dehydrated foodstuffs is very minor. This could have been 

the overarching obstacle to the on-farm production systems famers envision.  The remaining 

foreseeable obstacle may be the maintenance of consistent flavor and nutritional qualities across 

various product runs, and from different locations. Each project participant intends to continue 

experimentation with his/her dehydrator through the summer in preparation for the coming apple 

harvest: each of them will have volumes of Fall apples needing to be processed and sold.  



Lastly, it would be beneficial to review regulation part briefly.5 6 

The project team researched codes on equipment regulation and inspection before building their 

dehydrators. The ultimate goal of the project is to produce and sell dried food, therefore, it is 

critical to understand relevant food preparation regulations in advance. The producer's solar 

dehydration design and process should meet these requirements.  

• General: Surprisingly, 'on-farm' processing equipment does not need to meet stringent 

standards though it does need to be smooth and cleanable. In fact, there appears to be an overall 

gap in applicable standards for dehydration hardware. As is often the case codes may arise after- 

the-fact when there is the critical mass to make standards necessary. However, equipment used in 

wholesale processing facilities must meet all building and fire code regulations set by the local or 

state authority. In terms of food safety, all processes must meet the requirements of Good 

Manufacturing Practices (21 CFR 110). The section that most nearly addresses equipment 

construction is (21 CFR 110.40) 

• Moisture contents for dry food: The dried food has only 15-20% moisture  

• Other: Before talking through production equipment and processing with an inspector be sure 

to have all information ready on the business' 1) water source, 2) septic lines, and 3) county 

zoning. Even though dehydration uses little water compared to other processing, it is still 

necessary to check the water supply since equipment will be cleaned using the on-site water 

source 

 

Future works 

In order to achieve the goal of making goods marketable, the project needs to work further on the 

following aspects.  

• Improve dehydrator performance by refining the individual designs as discussed earlier 

• Schedule an inspection to meet legal regulations on dehydrators and final produce 

• Nutritional analysis upon receiving additional funding 

• Spread the idea and results to Minnesota farming communities 

- Post presentation at the 2017 Minnesota Organic Conference (proposing phase) 

                                                           
5 Existing Food Facilities Planning to Freeze, Dry or Otherwise Preserve Fresh Foods for Sale or Service 
http://www.mda.state.mn.us/food/safety/~/media/files/food/foodsafety/fs-freezedried.ashx 
6 Commercial Kitchen Guide: http://misadocuments.info/Commercial_Kitchen_Guide.pdf 
 

http://www.mda.state.mn.us/food/safety/~/media/files/food/foodsafety/fs-freezedried.ashx
http://misadocuments.info/Commercial_Kitchen_Guide.pdf


- Publish the project at FARM SHOW magazine (interview scheduled) and Benton 

Agriculture News (will be published) 

- Update the project through participant farms’ own websites (preparing) 

- Share dehydrator operation and results with farm visitors. Each farm has an average of 

five or more visitors per week during the summer. 

 


